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(2) 

1 

¥*W^f^««T-$) 551 1 XtiSS*Jg 2 sett 
fy*4 K{b£teHNJl-$»#«l~3hftJg3<^-f 

iN9«£Sffofflj£*^ s 30 
SiR6NcigA-f5X&tt v 7* Y\s*Jx Y*:^?.irb U 

t V 7 Y *7lrZ> c i: fc J; 9 ff ?»#iS l ~»*gu <o 

****** *l/T, 5$i2tt)^iSfc|&9*ti&A/*38«fc 10 

4 ^rita^SEtt^fcfcgSwSiig^ifc, 



1-186164 

2 

[!ft*Jg 1 0 ] USES 2 ©isc^t % 
gijffi^fiff -J-^ *ii^fflr»Stt«|7cSiS»A 3 ttfe«Stt*v 

d, Pt, Cu, Ag, An, In. Sn, Al&tfS 
b ©f^-SfSXIilSlfcS^OTcSSrfflv^a*^ l - 

[*W©8J»«3Wi] 
(0001] 

[0 0 0 2] 

ttznmwzmx* #***©«hhr.l*, mm 

-imzzHtkLxft, m**<(**m* (a-so 
[o o o 3 j ^sa^sip«ftf±, (£ss«jf#e<« 

[0 0 0 4] ih,feft&tt«r*rt«»«W©^jR^* 

«. 

[0005] ( 1 ) «l«^Scft£<4«r^1-*l!S«rSSfiE 

[0006] (2) *£SW*ai(WSISrfiglBlurfc#, 

[0 0 0 7] (3) «*«©¥WH^j*|8lx*5*., 

la^u j?-^ an t s r t iz* *) l *> s. 

[0 0 0 8] tJ5>U**se>. (1) 0*jSfe-C?lt. fiSRX 



3 

[0 0 0 9] (z) <ojj%rzxx, mmiwm<D 

* t> -« ftfc&tf £ JxX v * 3 cc * w tF- £ 
[0010] *t (3) (1) 2W (2) 

4£fctt#$*xx^5„ fit. r<^s^r±eoo , CT? 

SfefcK*, WilflOOOtfill^R+a 

»^V^BW*fc9, #^#tttLXt>TFT (* 
mh7>Vx*) K«V'ttlHW»Ml 0 0 cm 1 
/Vs8*©»ttU*^&ttTV>4V\ 
[0 0 11] r#t6©*»fc»LT, ±K (3) <o*» 

7-94 7 5 7^&&tJ<#&g¥9- 1 4 8 2 4 5&#X 
«R*itrv** B inbOJWfc-CB, #AS^*f*«to 

0«fcfc&tf»*B*Bw»», *LX«Afltf>|6U:frB 

[0012] AWtt^»±, #Aff^*«^*ffiK^ 

XAlfc CTM^fc*^ Lfel»AWl&#MKfi 
2:0, *^«*^jR7c*^*fcMtt4oTjgfij*|li:|0 

V * r> fc**"?6ifc d ft, & ^JRte* Srtei»7G5& t KfcS. 

fc*£Att^*«tiu «tt0H«j*s*t»j&AfcLfc»s 

*ix*5 0. *n^n^)ii^»ftrtSiii5tf3ffie«4*IS 
AttB£4<?-c^s. 

[ooi3] *?>»£j:»&fn?tt, **»^-rawi©- 

ft 0HR*W*J6rft) fc»*rtfi*ffte*-rv^5. r. 
fctt^T* JBfitt#*&«cA»ft««t4o-cv^, «fc 



w #B3¥l l-l 86 1 64 

[00 14] W7-9 4 7 5 7^#-?li, r«?±5 
4* AR41* Att*"f #&lc*t LX , $ & lofiftttSL* 

44r<DSl3fctRR|ttT, * &te*<B«att*lftLt3-li\ 
■ttft¥WW**fWLTiriS, *fc, #68^9 -l 
4 8 2 4 &4HTCtt. ±«ASaMM*^»Rlc, Mr 

[0 0 15] 

*o|^*«rfflv^^^»B^||Aft^trii % j&Aft 

[0016] K©{c§gLxii, *am*htm^>itim 
UT*ia»40»««^eA*B (jEtt) tftArcvftr. 
fc**-^*A#tt^rt£ft*fc»ic, Jt#ftisv^ 

[0 0 17] saBfc, mK7c**ftffiLTttAftLfc|g 
Att*-<fMMr/lt\ Nf-+*/i^gTFT*f«Btfc» 
■Weft* waww^eocinVvs-socm' 

Rfc*^T2««attft±LX^S#, #KMftI§IB4 

[0 0 18] *H*fcBLTtt, Mtfjc**0t0*'n 
JO 8*4*, ±E<0Jt54«&»*tt. *Aft^ 
*KO»Afl:lctt*S<itllrt-6*. ±ldNA 

OSttS* fcttrtl-attAttf'TM. 
K4 1 ^wnP ? ^t^7c*)6^ft^#&Lxv^^ r £ ^ - 

[0 0 19] »y^A^>/<?^A4i?o?*AlI 

*»^>*A<b*fl&-f«fe«t4: txa*J:<ff«ra7c 

fttfc^-faWMw^TFTlrflaif ^^>^«^ 
LX, ±{ZTFT*7&ftmzi$iiZ})-?4ffi<oj& . 

^ »BHt©ttT4ir^>aft^Wt5. IP*>> ±SiUK 
ttft±**63Di, -tO^WiLX, ^7«ttRt«iSStt 

[0020] dttP,oBaffi^*«*t5^ft)a5 % awa^ 

50 ftfflf 7 - 9 4 7 5 7^fttf»H?9 - 1 4 8 2 4 5 



(4) 

5 

[00 2 1] *B5p7-9 4 7 5 7^*X-« % ttffi5c£ 
*fcBo"Ona 0 

(0 0 2 2] L*L4#&, r<9J:5 4»*ttt, 
[0 0 2 3] *K5c*^B8JBicov>Xtt % «{fcfe*v*X 

i"SCfc*5-C#ftir^4 *$BS * itfc, 
[0 0 2 4] **Uc:j#L-C, *R¥9-1 4 8 2 4 54k ^ 

#«j£3 0 0 c mW s fca*.*«*ttB4TFT* 

Sot, ftttB4*IPMflCU0ati& 50 

[0 0 2 5] L^LftjWfe, :^C15V^TFT^ 

fctt. *^*«;::fett*»/h4:*0***fc*. 

tt, »7*>¥*lc«r«k5fc* ^*R#t<4oTL 

5; te&Ttm&m-f tzzk\z±ix. tr-imm^Kso 

tft5 0 9«)***S*e>iifc, 
[0 0 2 6] £ :t*. J:fi©R3je«r-oV>-Cil5*:fflv^ 

rixbw**. 05 (a) \z.fm7t^<DmmM\^ 

*RttttAjftftft0ttft¥BlSlfr. 0 5 (B) KMSt 

[0 0 2 7] H5 (A) fctfV^T, S«5 0l, 50 2 

»fc»A3frfc«^5c*tt, i«50l, 5 0 2 Sr*f 
RAfcU «>Rffltt^4«Art*tr9lSfi£+, 



4#f$^ 11-186164 
««5 0 3, 5 0 4 "Ctt, H 3 VjmK&M&Vttto 

[0 0 2 8] fttjfTC^^ &&jGfc5e>7<#~XA±, * 

rv>< 9 ^t, *»c*^fift1-5ttBtL-ci», I* 
fip*>> 05 (A) (c*5^T, 9>yj*tc#x&# 

«50L 5 0 2^4, ftfrAttlMlftBtl* (flfcfcS 
«*) 503t5044^«ff50 7, 3feWcflW6ft« 
#5 0 3&(/5 0 4 &#ASStt5 0 5 £<0#$f 5 0 8 

0 5 0 4*«V\ «*.««. 
tts i o (OX 5 ftEBK-CJMt-f 5- 
[00 29] B2 0MMBBICIJU ©5 

(B) {CTF-fi R£BfclSi^T«f*i&--4»fi-c 

*5 10tLr«jBtS^*«dM«W*5 0 3, 5 04 

ft5 0 9a»5g£bfco r^*5 4*tt^S*HM!MMefi 
fcfttW-*fc. B«MlCli#*lc*ttB44W**^ 
fi5 0 9#*^«tflC*ofc»a\ 

9tt. nt0=>y*>irTXttitz.t*^x m Tm^toy* 

ft*, ^ot, £<0#fc£fl3^fc*£fctt, ^Sft&S 
B3kX«lc»lt*jMlt94«li»TB< v ttA***fflr 
^ y 5 tBKiicw+yB't) o 

TFT SrEfi Ufc*W(Mlfi4 £-0®$ liiflS* 
[0030] - p Lfc«3lEKflf(0KttS:«* 

[0 0 3 1] 



(5) 

7 

#R®«CP|S r£ft £ft_h JS 4 OX& t tti* U 
10 O S 2] R*E2j^<9$aM0¥W{^BaRtt 

[00 3 3] R*« 3 eB*^»W^^«»%B^8& 

[0 0 3 4] R#«4ffifto*^^(02t5^;ffSaofi32i 

^yf^iaot, »»-ra^RR»£i, 
[0035] 8»*«5aa»02Me^o^«£3iB^sai 

icSA-rsx®*, Mffi^R^r*R£*9«ijffiBR 
^*#^Sii4v^*fc#B:-r5ffiB«C^^^*«5 
Rb-CfT»J:$lciMW-3. 
[0 0 3 5] n*«6Stt0*«M0¥«te£B0ttt 
^«l^XS«c*5*t^S5SE««S7C3R*rS*«l 
fc*|Al-£Xg£. 7t^^^^^^tu, * 
^>J^*Xttial»»T, Mrfc#Aff«"f*R 

[0 0 3 7] R*«7ER0$£n0¥*feRSaKa 
Wia^l^XSlC*5^§^«iS7E^^®^ 

tcRAi-sie*. mtfr<< mmxn&wc rr*.^ 

[00 3 8] ffi*«8 BRa;*&n<B¥RttRB4>Si£ 

*W<BR* J: 0 fciS < -T* J: 0 toBMtfS. 40 
[0 0 3 9] »**9aa«^**W^>^*»3£B^»36 

[0040] i o E8<9*ftH<94M9flc&Bott 
3K*»«\ ffiE£2^X&lc:ftv>T, fiS^g^S 
R* tfrSEtt«57c#^5i|f a S ttXiRR^ t> * fl>RfflBR^ 
tttfi*fi**5*ftt, *«fBIBlc*tf6*+?7 

[004 1] fcjftjg l l ffiR0*«H0^R#RB0H 
ifefrtttt, ^Tffifife^TC^tUr, Ni, Co, Pd v P 50 



4^B8^ 11-186164 
Cu, Ag, Au, In s Sn, Al 2itfS t>4>* 
[0 0 4 2] KT. *»W^*SaotffffllCo^TttW 
[0 0 4 3] ±ite>BRfc-^t\ H# 

*-*>»t*«*ftR*S5 0 3, 5 0 4^t^^H^iS5 0 
5 -e t 7ttfS£ C *»B0Mg%R##tt UTl N 5 w t 

[0 0 4 4] EP*?, 05 (A) fEfcttSjftftfcr^-vU 
0 1, 5O2fttm*RSR#5 0 7 % 5 0 5l^»7c 

«50 3, 5 0 4 jkWd»R5£«fclJ:5**«S*^^ 
*VHW*5 0 5 let, A*j»5nc*#lpl U^/i/K^*"* <fc 

0 3, 50 4fct>«/J^*J»4.-tSRr-*>». 

[0 0 4 5] Hfot, *3gIBO£gtt, |fe&ttSfiO± 
KRRUfeftMr^RRlC, *»7fiR*:WW»AU 
SB 1 0ftflft«ytlc £ 9fcR**R*R«*>&.tt0ftj2R 

tt«rn±*-&5»2©»iR«axso«rte, #it5c£# 

££fc&£ 0 fip*>, R2©Ap»tosicj:*§fcR5cR«r)ii: 
*2*^«*>n.58(ifc, BVHftjtit»jWB3cR35lRftUr 

EBR^R»#B*t, BftfrfSOttRA^^RB^ 

too4 6) fip^ *&m<oimit&m<oMmji&x 
**<t%, sgi^xaT?^»tts«fi9±ic*fi{f 

xm^» l OAiM«R«r»v \ ^«SSr^^ ^R^rftfeffiTL 

**ft*tr*>*, R3<DX8TftMl7C** $ «Htt-CV^ 
#SOR«04r^*R*|fc*L, JR4«9Ig-CR2^AD 

R3©xa-cRstifc«B° H tt^3ifH« 
[oo4 7j ::ti5 tm%m&%& w 5 ®tt<o 

0, *4< tt>^e>^R*tf»*sn6^fc^a*u 



9 

ttK7cS$Afi«5 0 1, 5 0 2. 

[0 0 4 8] ±ffiS 3 OX&IC fcl >r ?5i-^r^ * 

WWW*, * 

5fc*tf*ttrt«««5 0 3, 5 0 4^iflV^*l 
TSX&Kfc^T, mfcftft^RRfcfflRxftfcC) 

[oo & oj ±aE«Mt5e*dsjB*u , rv^«iKo^^* 

R*B***6JM^*#*fcLT\ 7yfl:*5Rai«|B 
[oo5i] »»toia*0*ti*i^im:f?X^K:J: 

[005 Z]%o-C, K?-f=yf'^^{C»V>-Cfc. <{r 



W ttGW 11-18 6 16 4 

70 

[005 3) ST. «2 0All»ttaate J B.feixSflM^ 

#*&0R#ftjft*«£ (05^)503, 5 0 4) * 

5 0 5) fc*KS**s»ft-rSJ:5^*5Xk«s««* 

[0 0 5 4] gpfb, tt»OKK5c»^»Aftj: LTtt, 
136 (A) K*rt*5^ ±fc*fb***R6 0 3tr<r 
**R* IX, MWta*604«r»R±Bfc»Lr»A 

fc* c:t'6 0l^, 6 0 2li#|s&S^5RJK^ 
0MUM«>R« HI 6 (B) ^ti?l:, KKtcS^s 

0 3 Jifc#fc1-$ftW»7c* 604^ H5 ©*BlT-«-r 
J:5^*fli^*06O3*ra»u T0©^»06 
0 2*Ca£LTi*$ 0 

[0055] mik<r*m&*x<7>tem5t£o>&m&$k 

#ftVT?^3fcl,>#fiK«fc6 0 2 c fCfc % 

&it<o1tit><o% i o?*Djft«aftj^ i--efcRR*RR 5 

0 2 bfttMtft^AA/-CV^v««0006 0 2 c^tt 

40 [0 0 5 6] Sot, 44IW09»jR«ftA«^;i#U*r 
^»l^XStr, BMb^0RJ«ffc^^*Bt, 
V**#©?tt0^»RfcRofcR|cffv\ ««7c*0 
$rtf^X, ±0#A0^^*R«±KII|0E*^*Ad 

5^ R*«iv ^^±*>bRRS»*5WRtT<*0:5* 



-6- 



ntommvRs »*^KAft5K*jb^&*»4*fc 

[0 0 5 7] A#M«#Aff^^^JK^«feKji:fl|^S 

[oo5 8j ifc, ^om^&t lt, 

foo 6 0] rrx\ J:E*ttlc*»*6JlfeK^ti»* 

— A' (I PA) 4£©Z*»— A'JRSrJflV^^&tfSa* 



11-186164 

12 

[oo6i]$ etc, ±se»»7eKt»3i»L3^*»« 

tt, 3 2 OmmX 4 0 Ommf^ ^W7^SlkC*5 
[0 0 6 3] Wfc, ««n(c«^&ffi^AHIUUIoffi 

[oo6 4] $Tv mioMmmom. m 

[0 0 6 5) ;iG>H«te**tvr, mi^fR^sitjtK 
f-, »4 < fc t>» 1 ©flllBy&SKJ:©^*/^*-***. 

[0066] Aimiptt. ffioMMn^aMtt, 5 
4 0*0-6 2 o^jBBrtxffv^, ^2(7>*a^3i^m 



-7- 



13 

[0 0 6 7 J JD*.r, ±SE<08^3&^££fc£ffifc 

[0 0 6 8) rcf, *2^>3WSjSftyi^#Hftfcu-c 

[0 0 7 01 J:9K9n*. Ktttt* 

* 0 *4MW^«r6 1 WfnHUKft&tt9 * ? left 
5 *4ft*£T5 - * * 9 , » 7 G>»»#fifc*hr 
ft, NK Co, Pd, Pt, Cu. Ag, Au, I 

[0 0 7 2] ■MlfeOfefc, WCN i trfflv^tM-U: 



W) 4*08^1 1-U6164 

/V 

2^Sii:NiSi2^>J)WK^«, Ni 
S i2tt»^ffl©lBA((|it«r*U, *©tt**att, $ 

L3>fe, N i S iitt*4>1fr*ftBbP0. 54 0 

/o r, Ni s iihu Mt^lltitM:i«6fct 

[0 0 7 3] 

[0 0 74] (MBWi) BiftuiMstt. *)snjlr 

«fcfcJt9Nf'T*/I/fflTFT (NfiTFT) *fMW-5 

B2£> (A) -+ (F) ©XfccOSHrJBfcRWi"*. 
20 (0 0 7 5]^T. 02 (A) lc*fj;$te % 

£#1 0 ScjECVD&Xtt^yX^CV 
D^^ot, Jg£2 5nm~l OOnm, «*.tf5 0 
nmG>Stt(lS) 0tt£ff4vr#jR (t-S JK) 1 

<f i o 3 srstflrr*,, c nfflmn 

K TEOS (Tetra Ethoxy Ortho 
30 Silicate) «M*i:U WBifet^RF^ 

«^SSlT-tt, ^©®{b^S!gl 03<^jeS^Srl 50 
n m t L^i 0 

40 0 2tf«M£Jt5p §p^, 02 (A) ©*ttfcJ:lBA»e> 
ASi, Oilc^-f «t 5(Ca -s iSl O 2A«®«1 0 

[0 0 7 7] ±ffi^;x?i 0 3^K*t^Sv ^^(^1232 
(A) lH^-fi^fC. »-S igtl0 2afBj5SfcfiLT 

50 it a kiJ:9ic|Hft«rS«10i±lc« 



15 

MKl 03£a-Sig£lO 2 0iiC-7^J 0 4 
«r»«R«i- $ 0 ' *>IS«C iD^iOO -CSS LX 

t, 0tf;tti;§#5ffl&iex, &&*&g5 o ot:- s 5 o 
a**ri\ Mmiim 5 3 otnt2 o^ojR 
[0 0 7 8] cko^kt-— A-«yaic*3u>T, 132 

(B) ICtj^-J: £#1 0 OfCfc^Xft, a -Si 
ateBfc«aS*ite = y^l 0 4*rtttLTa*l 0 

1 0 oa^O»«W;, ^&^Sdsa3l-fri*^fi{f^«S© 
$ta-Si«iil02ct LX&S, -r* 

Xtt v ^^^ISl 0 3K:|fi*ft, T/B4>a -S iKl 0 
2fcW*t*£fcire*fcV\ 

10 0 7 9] Wc, ^**fcLTJBV>fc«fl:^*Kl 

m<r>tr4 mmi 0 2 1 : 10/^7 

7r^K7y« (BHF) feJBV\ !)x 7 ^^ 

a) fcJSTo ***»JBi-ctt* -fcitLrsso'CK: 
loos oj rajAjftttafctev^r, jfeicttubufefli 

UglOO (10 2a) OjRiQmA^, H2 (C) 
^X, *H]HlX-*-f±5^ W10 0H«** 

0 2 g fc LT£So i^at*rtUC»»ri»Ufc***^ 
-f jMtl 0 2bW-*/^/uft«|i8X 1 0 ffl a t om 

Mt^lKRl 0 2 af^y^»g«l X l 0<»a 

t o m 8 / c m 3 g^^|?of: g 

[0 0 8 1] ft. ±GMjAft|clRU ^Hl-C^^ 

SK-cfcofc, ^owBtaaiutdiriDw^, sue 

«ftSKKc*«AWl02a (10 0) i % flfcfrffi] 
fcfefrftJt LfclSfititfrW' 1 0 2 b t &SkWtr 

* *KSWl 0 2c 02dl^ ~y£vH 0 

4*5^ftUT^5. 

[0 0 8 2] 13 2 (D) fc*1"J;5K:?FR4»# 

o^**io2t»*ur**n»*tf?j 0 c<9£ 



W 4$gfPFl 1-185164 

0 OlC^Lt^riHl : 1 0 0 7 * v 
5, = y*7H 04^ti:^t sl o2aM02 

#*©^y^/n 0 4f&£aM^£ft*$ftaR? 

/O SMtottHMr-fMli 0 2 f jWM£*u 02 
(D) «>«*i-»s. 

[0 0 8 3] fcfc, 02 (D) <?#&X\ ft2«>Mte 

£tlMfc9EMtlC£5V^T % mM& 0 0t-l 1 0 OtTjR 
HC 1 fc»*©»«#*fcfljV\ HC i <om*}t*±# 

*flt*<0 3%iiLK£u £#i&£9 5 orx2 s^o*o 
Wffltffofc ioiarc i 9iMtt^»Ki o 2 
^ £ w*B#*-iuNfcsiv wut^*« 1 0 2 f 

**Ht3 5nin«*^»*i-« 0 tits ttAtt^MR 

1 0 2 £ ©»ft^*«C|*±+$fc#|c, 

Sft0^Mt4i0&y4r*MRjt, 5X10 15 atQ 

*ft^>f«Bll 0 2 f fc»v*T„ 96*BaJBt4oTU>fc 

[0 0 8 4] rk % tUM^Mti 02 feftattt 
K&l : 10BHF^yf^»*Lfc|, 02 
ja (E) fc*i-i5fc, ±Bofi|lHltt4MK^ 
*I*10 2 f 4115*5 KJS* 2 0 am- 1 5 0nm> 
^Xtel 0 0nm^b^»^hteiS|i o 

WTEOS^tU »**fct>lc£fci&£l 5 0 
r-6 0 0^O«iH^ &£L<f*3 0 0^-4 5 0^ 
<7>ttHrtX\ RF/7XTCVDifet»»l*J(Lfc 0 

6 0 O'CQffiHrt, ^*L< K4 0 0t>*5 5 0t:^S5 

iagsoot-'i oooicoiB^ AS^n3o^ 
[oo8 5l friz, X'tyfiy^frm&kvx* 

0 0 nm~8 0 0 nmCOj^®^, 6 0 0 nm^T 

-^>^LX, y-hftffil 0 7*HMt1-6 t 
50 MUlOStrlHttS, ^OKtt#B2 (E) icS 



-9- 
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£+£„ BMSSWfcli, fi«B)ft«l%-8%**ftfca:^ 

W>^J/ a-/UJB**-cm\ »W-^ffi^2 2 0V 
5. &**Vfcl8{k4&jgl 0 8<7)Jg£te2 0 OnmX'h 

ft sore, *7*yh^-h««<oss*±eiMiilft: 
10 0 8 61 ^sfr^K-tfy^SfcioT, 

xkLX, 7**7 4 y (PH3) *rjBv\ ;togq£E* 
6O.kV-9 0kV(^)», «*.tf8 0kV, K-X 
1^1X1 0 15 cm" 2 -8x 1 0 ,s cm- 2 o4gfflrt, 03 

#aA**tfc««Rl 1 ORtf 1 1 lireitCTLftfcTF 

ftASftftmlM 1 0 9tt, afcTFT©m/i«J 
*ft*. reo««»RJt*J:9*5t, Sliz^+J: 

1 1 O&tf KWc/ggjfti i 01 
1 0 9 *Re3*J6dlS*lSlW:H l 

IW«ftTFTff£S'T?#*. 
[0 0 8 7]ft{£« 02 (E) tt1~±?lz, l>—p*- 

©HI, f fflt^ V^f-t LtttX e C 1 w 

($&3 0 8 nm, /^S4 0ns e c) 
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(57)Abstract: 

PROBLEM TO BE SOLVED: To prevent generation of fine holes in a crystalline 



silicon film, by laterally crystal-growing an amorphous silicon film from a region 
into which catalyst elements are introduced to its peripheral region by first heat 
treatment, eliminating a specified silicon film in which catalyst elements partially 
exisist, and performing second heat treatment. 

SOLUTION: Crystal growth is laterally performed from a peripheral region of a 
region 100 (102a) which is crystallized by first heat treatment, and a crystalline 
silicon film 102b which is laterally crystal-grown is formed. Nickel 104 partially 
exsists in an interface 102d between the catalyst elements introduced region 
102a (100), the crystalline silicon film 102b which is laterally crystal- grown and 
an amorphous silicon film region 102c. When a silicon film 102 of an 
unnecessary part is eliminated and element isolation is performed, nickel 104 is 
etched together with the silicon film 102, in the regions 102a and 102d in which a 
great deal of nickel 104 exists. Second heat treatment is performed, and 
crystallinity of a crystalline silicon film 102f is improved. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The 1st process which introduces alternatively the catalyst element 
which forms an amorphous silicon thin film on an insulating substrate, and 
promotes the crystallization on this amorphous silicon film, Perform 1st heat- 
treatment and this amorphous silicon film to the boundary region from the field 
where this catalyst element was introduced The manufacture approach of the 
semiconductor device which includes the 2nd process which makes crystal 
growth perform in a longitudinal direction, the 3rd process which removes the 
specific silicon film field as for which this catalyst element is carrying out 
localization, and the 4th process which raises the crystallinity of the crystalline 
silicon film field which performed 2nd heat-treatment and was left behind at this 
3rd process. 

[Claim 2] The manufacture approach of a semiconductor device according to 
claim 1 that said silicon film fields removed in said 3rd process are the field 
where said catalyst element was introduced at said 1st process, and the crystal 
growth boundary section formed of said crystal growth at said 2nd process at 



least. 

[Claim 3] The manufacture approach of a semiconductor device according to 
claim 1 or 2 that the silicon film field which it leaves in said 3rd process is a 
semiconductor device field. 

[Claim 4] Said 3rd process is the manufacture approach of a semiconductor 
device according to claim 1 to 3 of removing the silicide compound of said 
catalyst element contained in the silicon film part which carries out by etching 
and corresponds by this etching, and its part, and this catalyst element. 
[Claim 5] The process which introduces alternatively said catalyst element in said 
1st process is the manufacture approach of the semiconductor device according 
to claim 1 to 4 performed by forming a mask in the location corresponding to the 
field which does not introduce said catalyst element in said amorphous silicon 
film. 

[Claim 6] The process which introduces alternatively said catalyst element in said 
1st process is the manufacture approach of the semiconductor device according 
to claim 1 to 4 performed by exfoliating this photoresist by using a photoresist as 
a mask after being the sputtering method or a vacuum deposition method and 
depositing said catalyst element on the front face of said amorphous silicon film 
in the shape of a thin film, and carrying out lift off of this catalyst element on this 
mask. 

[Claim 7] The process which introduces alternatively said catalyst element in said 
1st process is the manufacture approach of the semiconductor device according 
to claim 1 to 4 performed by carrying out pre annealing treatment by using the 
silicon oxide film or the silicon nitride film as a mask after making the front face of 
said amorphous silicon film apply and dry the solution which melted said catalyst 
element, and removing the mask of this silicon oxide film or this silicon nitride film 
[Claim 8] The manufacture approach of the semiconductor device according to 
claim 1 to 7 which makes temperature of said 2nd heat-treatment higher than the 
temperature of said 1st heat-treatment. 

[Claim 9] Said 2nd heat-treatment is the manufacture approach of the 



semiconductor device according to claim 1 to 8 performed under the oxidizing 
atmosphere containing a halogenide. 

[Claim 10] The manufacture approach of the semiconductor device according to 
claim 1 to 9 which considers the direction which carries out crystal growth of said 
amorphous silicon film to the boundary region in said 2nd process from the field 
where said catalyst element was introduced, and the migration direction of the 
carrier in a semiconductor device as abbreviation parallel. 
[Claim 11] The manufacture approach of the semiconductor device according to 
claim 1 to 10 using one kind or two or more kinds of elements in nickel, Co, Pd, 
Pt, Cu, Ag, Au, In, Sn, aluminum, and Sb as said catalyst element. 

[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the manufacture approach of the 
semiconductor device which makes an active region the crystalline silicon film 
which crystallized the amorphous silicon film in detail about the manufacture 
approach of a semiconductor device. 



[0002] 

[Description of the Prior Art] In recent years, it is large-sized and the attempt 
which forms a highly efficient semiconductor device on insulating substrates, 
such as glass, and an insulator layer towards implementation of the contact type 
image sensor of high resolution, a three-dimensional IC, etc. at the liquid crystal 
display of high resolution and a high speed is made. It is common to use a thin 
film-like silicon semi-conductor to the semiconductor device used for these 
equipments. It is divided roughly into two although it consists of a silicon semi- 
conductor which has what consists of an amorphous silicon semi-conductor (a- 
Si), and crystallinity as a thin film-like silicon semi-conductor. 
[0003] Most generally the amorphous silicon semi-conductor is used from 
production temperature being able to produce comparatively easily [ it is low 
and ] by the gaseous-phase method, and being rich in mass-production nature. 
However, since physical properties, such as conductivity, are inferior compared 
with the silicon semi-conductor which has crystallinity, in order to acquire high- 
speed property much more than future, establishment of the production approach 
of the semiconductor device which consists of a silicon semi-conductor which 
has crystallinity was called for strongly. In addition, the semi amorphous silicon 
which has the middle condition of polycrystal silicon, microcrystal silicon, the 
amorphous silicon containing a crystal component, crystallinity, and amorphous 
nature as a silicon semi-conductor which has crystallinity is known. 
[0004] The following approaches are learned as a conventional method of 
obtaining the silicon semi-conductor of the shape of a thin film which has these 
crystallinity. 

[0005] (1) Form directly the film which has crystallinity at the time of membrane 
formation. 

[0006] (2) Form the amorphous semi-conductor film and make crystallinity have 
with laser luminous energy. 

[0007] (3) Form the amorphous semi-conductor film and make crystallinity have 
by adding heat energy. 



[0008] However, since crystallization advances to a membrane formation process 
and coincidence by the approach of (1), thick-film-izing of the silicon film is 
indispensable to obtain the crystalline silicon of the diameter of a large drop, and 
it is difficult technically to go on the whole surface across the film which has good 
semi-conductor physical properties on a substrate, and to form membranes to 
homogeneity. 

[0009] Moreover, by the approach of (2), in order to use the crystallization 
phenomenon of a melting solidification process, a grain boundary is processed 
good with the diameter of a granule, the quality crystalline silicon film is obtained, 
but if the excimer laser currently present most generally used is taken for an 
example, the thing with still sufficient stability is not obtained. Therefore, it is 
difficult to process the whole surface of a large area substrate to homogeneity, 
and the further improvement in technical in a hard side is desired. 
[0010] Moreover, the approach of (3) is advantageous in the homogeneity in a 
substrate, and stability as compared with the approach of of (1) and (2), and is 
used for the micro highly minute liquid crystal panel which used the quartz 
substrate. However, after carrying out crystal growth by heat-treatment covering 
the long duration of about 30 hours at 600 degrees C in this case, heat treatment 
for raising crystallinity over several hours at an about elevated temperature, for 
example, 1000 degrees C, from dozens of minutes further is performed. That is, 
the processing time is long, there is a trouble that a throughput is low, and only 
the property of electric field effect mobility of 100cm 2/Vs extent is acquired [ in / 
as a component property / TFT (thin film transistor) ]. 

[001 1] To these approaches, the approach of the above (3) is improved and the 
method of obtaining the quality crystalline silicon film is proposed in the JP,7- 
94757, A official report and the JP,9-148245,A official report. By these 
approaches, low-temperature-izing of whenever [ stoving temperature ], 
compaction of the processing time, and crystalline improvement are aimed at by 
using the catalyst element which promotes crystallization of the amorphous 
silicon film. 



[0012] A minute amount is made to introduce metallic elements, such as nickel 
and palladium, into the front face of the amorphous silicon film, and, specifically, 
it heats after an appropriate time. Crystalline-nucleus generating which used the 
metallic element as the nucleus first takes place at an early stage, that metallic 
element serves as a catalyst after that, and the mechanism of this low- 
temperature crystallization promotes crystal growth, and is understood because 
crystallization advances rapidly. These metallic elements are henceforth called a 
catalyst element in such semantics. The inside of one grain of the crystalline 
silicon film which crystallized the crystalline silicon film which crystallization was 
promoted with these catalyst elements and carried out crystal growth with the 
usual solid phase grown method also consists of many columnar crystal 
networks in the grain to being twin crystal structure, and each interior of a 
columnar crystal is in the almost ideal single crystal condition. 
[0013] The above-mentioned official report is made to perform crystal growth in a 
longitudinal direction (direction parallel to a substrate) from the introductory field 
furthermore by extending heating time further by crystallizing only the field where 
the catalyst element was introduced alternatively, leaving other parts as a 
condition of the amorphous silicon film by introduced and heating a catalyst 
element alternatively on some amorphous silicon film. Inside the crystal growth 
field of this longitudinal direction, the columnar crystal with which the growth 
direction gathered in the about 1 direction has jostled, and crystallinity serves as 
a still better field compared with the field where the catalyst element was 
introduced directly and generating of a crystalline nucleus took place at random. 
Therefore, high performance-ization of a semiconductor device can be attained 
by using the crystalline silicon film of the crystal growth field of this longitudinal 
direction for the active region of a semiconductor device. 
[0014] In the JP.7-94757.A official report, strong light, such as laser light, is 
irradiated to such quality crystalline silicon film into the ambient atmosphere 
which contains a chloride gas or a fluoride gas further, the crystallinity is raised 
further, and the high performance semiconductor device is produced. Moreover, 
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in the JP.9-148245.A official report, after performing 2nd heat-treatment further in 
an elevated temperature to the above-mentioned high quality crystallinity silicon 
film and raising the crystallinity further rather than crystallization annealing 
temperature on it, it uses as a semiconductor device field. 
[0015] 

[Problem(s) to be Solved by the Invention] However, the problem concerning 
[ the crystallization approach of the silicon film using the above-mentioned 
conventional catalyst element ] the membraneous quality and the impurity of the 
crystalline silicon film is left behind. 

[0016] Although it is good, as for the crystallinity of the columnar crystal of each 
[ experiment / which this invention persons conducted about membraneous 
quality ], it turns out that the crystal defect (rearrangement) of high density is 
considerably included as the whole. Therefore, since the active region of a 
semiconductor device is about formed by one crystal orientation, while 
comparatively high mobility is obtained, since defect density is high, threshold 
voltage and leakage current bring a result which cannot fall easily. 
[0017] When the N channel mold TFT is actually produced using the crystalline 
silicon film crystalized using the catalyst element, the thing of 60cm2A/s - 
80cm2A/s extent is obtained with electric field effect mobility. However, although 
it is improving by about 2 times compared with the silicon film by the solid phase 
growth the conventional catalyst element is not used for whose value of this, 
considering the application to a thin film integrated circuit etc., it is not still 
sufficient value. 

[0018] About an impurity, the catalyst element itself poses a problem. That is, 
although the above catalyst elements contribute to crystallization of the 
amorphous silicon film greatly, after that, they are mainly unevenly distributed in 
the grain boundary, and remain in the crystalline silicon film. That these catalyst 
element exists so much in the crystalline silicon film which constitutes the active 
region (semiconductor device field) of a semiconductor device does not check 
the dependability or electric stability of equipment which used these semi- 



conductors, and it is not a natural desirable thing. 
[0019] Especially the element that acts efficiently as a catalyst to which 
crystallization of amorphous silicon film, such as nickel and palladium, is urged 
forms impurity level near a band gap center into silicon. Therefore, if TFT is 
produced using the silicon film crystallized with these catalyst element, 
phenomena, such as increase of the leakage current at the time of TFT off 
actuation and a fall of dependability, will mainly appear as the effect. That is, 
although current drive capacity, such as a standup multiplier (S multiplier) of 
electric field effect mobility, the ON state current, and the ON state current, is 
raised in order that the above-mentioned catalyst element may raise the 
crystallinity of a channel field in the TFT component, an off property and 
dependability are worsened as the compensation. 

[0020] The approach of solving these troubles is proposed in an aforementioned 
JP.7-94757.A official report and an aforementioned JP,9-148245,A official report. 
[0021] To the crystalline silicon film crystallized using the catalyst element, by 
irradiating strong light, such as laser light, the crystallinity is raised further and 
solution of the problem that the above-mentioned membraneous quality is not 
enough is aimed at in the JP.7-94757.A official report. 

[0022] However, in such a case, the problem of the homogeneity which the laser 
annealing technique is holding conventionally, and stability will be added. That is, 
a result by which the good membraneous homogeneity which is the merit of solid 
phase crystallization is spoiled cannot be brought, and the highly efficient target 
semiconductor device cannot be realized. 

[0023] the inside of the ambient atmosphere which contains a chloride gas or a 
fluoride gas about the problem of a catalyst element - a laser light exposure -- 
carrying out -- a catalyst element - chloride-izing -- or it is supposed that it 
fluoride-izes and gettering removal will be carried out. However, as a result of 
this invention persons' actually experimenting by the same approach, in such 
momentary laser annealing, the gettering effectiveness was hardly acquired but it 
was checked that catalyst element concentration in the silicon film cannot be 



reduced greatly. 

[0024] The method of raising the crystallinity is indicated by heat-treating at still 
higher temperature to it after crystallization annealing which used the catalyst 
element for the JP.9-148245.A official report. It is checked that the very quality 
crystalline silicon film is obtained also from an experiment of this invention 
persons by this approach, and the overly high performance TFT component 
which actually exceeds electric field effect mobility of 300cm 2/Vs by this 
approach is produced. Moreover, in addition to a crystal disposition top, the 
gettering removal of the catalyst element in the silicon film can be efficiently 
carried out by performing 2nd heat-treatment under oxidizing atmospheres, such 
as HCI. Therefore, this approach is very effective as the manufacture approach 
of highly efficient thin film semiconductor equipment. 

[0025] However, when performing the mass-production prototype of TFT in this 
approach, a new problem occurred. A new problem is generating of the minute 
hole in the silicon film. In fact, as shown in the photograph of drawing 7 , a hole 
509 occurs into the part whose silicon film is lost. At the beginning, although this 
invention persons expected beforehand that a hole 509 was generated on the 
silicon film when the catalyst element fell out as long as gettering of the catalyst 
element in the silicon film is carried out and control of the location of a hole 509 
was tried, generating of a hole 509 was seen also in the unexpected field, i.e., a 
component formation field. 

[0026] Here, the above-mentioned problem is explained in detail using drawing 5 . 
The outline top view after the 2nd heat-treatment which poses [ drawing 5 (A) ] a 
problem at drawing 5 (B) in the outline top view after the solid phase crystal 
growth by selection addition of a catalyst element is shown. 
[0027] The introductory field of a catalyst element is shown by fields 501 and 502 
in drawing 5 (A). The catalyst element by which selection installation was carried 
out crystallizes fields 501 and 502 to this field first, and causes crystal growth to it 
to that periphery. Consequently, crystal growth of fields 503 and 504 is 
performed. At this time, to being the crystal growth by the random karyogenesis 



by the introduced catalyst element, crystal growth was performed in the direction 
of H3, and the growth direction is equal to ******** in fields 503 and 504 in fields 
501 and 502. The field 505 where crystal growth has not reached remains with 
the amorphous silicon condition. 

[0028] It stands and moves to the boundary of the tip of crystal growth, i.e., a 
crystallization field, and an amorphous field on the mechanism of crystal growth, 
and the catalyst element crystallizes the amorphous silicon film of the point one 
after another. Therefore, as a location where a catalyst element is unevenly 
distributed, they are the grain boundary where crystal growth collided, and the tip 
of crystal growth. That is, in drawing 5 (A), karyogenesis happens at random and 
a catalyst element is unevenly distributed in the boundary 507 with the lateral 
crystal growth fields (horizontal growth field) 503 and 504, and a list in three 
fields of the boundary 508 of the horizontal growth fields 503 and 504 and the 
amorphous field 505 in the introductory field 501 of the catalyst element with 
which crystal grain has collided, and 502. Therefore, a semiconductor device 
field is formed by arrangement like a field 510, using the horizontal growth fields 
503 and 504. 

[0029] However, after the 2nd heat-treatment, as shown in drawing 5 (B), on the 
whole film surface, existence of the minute hole 509 was seen by the almost 
uniform consistency. That is, such a hole 509 had occurred also in the horizontal 
growth field 503 which should be used as a semiconductor device field 510, and 
504, and the hole 509 occurred further also to the field 505 to which the crystal 
growth by the catalyst element has not reached. If a semiconductor device is 
produced with such a condition, a local very highly efficient semiconductor device 
is realizable, but when a hole 509 covers to a component field, a defect occurs in 
the component. Moreover, in a next etching process etc., such a hole 509 will 
produce the damage to a lower layer, and will cause the fall of dependability as a 
whole. Therefore, when this approach is used, the yield in a semiconductor 
device production process is very bad, and the application to the semiconductor 
device which has arranged hundreds of thousands of TFT(s) on a substrate like 
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the active-matrix substrate for liquid crystal displays is impossible absolutely. 
[0030] This invention can solve the technical problem of such a conventional 
technique, can prevent re-diffusion of a catalyst element in the 2nd heat- 
treatment of the sake on a crystal disposition, and it is possible to solve the 
problem of a minute hole occurring in the crystalline silicon film, and it aims at 
offering the manufacture approach of the semiconductor device which can 
produce the semiconductor device which has high-reliability with high 
performance very much with the sufficient yield. 
[0031] 

[Means for Solving the Problem] The manufacture approach of the 
semiconductor device of this invention according to claim 1 The 1st process 
which introduces alternatively the catalyst element which forms an amorphous 
silicon thin film on an insulating substrate, and promotes the crystallization on 
this amorphous silicon film, Perform 1st heat-treatment and this amorphous 
silicon film to the boundary region from the field where this catalyst element was 
introduced The 2nd process which makes crystal growth perform in a longitudinal 
direction, and the 3rd process which removes the specific silicon film field as for 
which this catalyst element is carrying out localization, Perform 2nd heat- 
treatment, it comes to include the 4th process which raises the crystallinity of the 
crystalline silicon film field left behind at this 3rd process, and the above- 
mentioned purpose is attained by that. 

[0032] At least, said silicon film field removed in said 3rd process constitutes the 
manufacture approach of the semiconductor device of this invention according to 
claim 2 so that it may be the field where said catalyst element was introduced at 
said 1st process, and the crystal growth boundary section formed of said crystal 
growth at said 2nd process. 

[0033] The silicon film field which it leaves in said 3rd process constitutes the 
manufacture approach of the semiconductor device of this invention according to 
claim 3 so that it may be a semiconductor device field. 

[0034] Etching performs the manufacture approach of the semiconductor device 



of this invention according to claim 4, and it constitutes said 3rd process so that 
the silicide compound of said catalyst element contained in the silicon film part 
which corresponds by this etching, and its part, and this catalyst element may be 
removed. 

[0035] The manufacture approach of the semiconductor device of this invention 
according to claim 5 is constituted so that it may carry out by forming a mask in 
the location corresponding to the field to which said catalyst element in said 
amorphous silicon film is not introduced in the process which introduces 
alternatively said catalyst element in said 1st process. 

[0036] The manufacture approach of the semiconductor device of this invention 
according to claim 6 uses a photoresist as a mask for the process which 
introduces alternatively said catalyst element in said 1st process, and it is the 
sputtering method or a vacuum deposition method, after it deposits said catalyst 
element on the front face of said amorphous silicon film in the shape of a thin film, 
it exfoliates this photoresist, and it constitutes it so that it may carry out by 
carrying out lift off of this catalyst element on this mask. 
[0037] The manufacture approach of the semiconductor device of this invention 
according to claim 7 uses the silicon oxide film or the silicon nitride film as a 
mask for the process which introduces alternatively said catalyst element in said 
1st process, and after it makes the front face of said amorphous silicon film apply 
and dry the solution which melted said catalyst element, it carries out pre 
annealing treatment, and it constitutes it so that it may carry out by removing the 
mask of this silicon oxide film or this silicon nitride film. 

[0038] The manufacture approach of the semiconductor device of this invention 

according to claim 8 is constituted so that temperature of said 2nd heat-treatment 

may be made higher than the temperature of said 1st heat-treatment. 

[0039] The manufacture approach of the semiconductor device of this invention 

according to claim 9 is constituted so that said 2nd heat-treatment may be 

performed under the oxidizing atmosphere containing a halogenide. 

[0040] The manufacture approach of the semiconductor device of this invention 



according to claim 10 is considered as the configuration which considers the 
direction which carries out crystal growth of said amorphous silicon film to the 
boundary region from the field where said catalyst element was introduced, and 
the migration direction of the carrier in a semiconductor device as abbreviation 
parallel in said 2nd process. 

[0041] As said catalyst element, the manufacture approach of the semiconductor 
device of this invention according to claim 1 1 is constituted so that one kind or 
two or more kinds of elements in nickel, Co, Pd, Pt, Cu, Ag, Au, In, Sn, aluminum, 
and Sb may be used. 

[0042] Hereafter, the main point of this invention and an operation are explained. 
[0043] It checked being generated about the above-mentioned technical problem 
by a catalyst element being unevenly distributed, and the catalyst element 
oxidizing alternatively, and etching the cause by which the above-mentioned 
minute hole produces this invention persons by experiment. The problem is that 
such a lot of catalyst elements exist that a hole is generated also in the horizontal 
growth fields 503 and 504 and the amorphous field 505 in drawing 5 . It was 
checked that this cause of main is re-diffusion of the catalyst element at the time 
of the 2nd heat-treatment. 

[0044] Namely, although the catalyst element is unevenly distributed after 
crystallization annealing (1st heat-treatment) in drawing 5 (A) on the catalyst 
element installation fields 501 and 502 and the crystal growth boundaries 507 
and 508 Re-diffusion of a catalyst element arises at the time of the 2nd heat- 
treatment for furthermore raising crystallinity, and a catalyst element comes to 
exist in this level also to the horizontal growth field 503 and the field 505 to which 
growth by the catalyst element has not attained to 504 lists. Consequently, a 
minute hole occurs also to the horizontal growth fields 503 and 504 which should 
perform component formation. 

[0045] Therefore, after the main point of this invention carries out selection 
installation of the catalyst element and makes the 1st heat-treatment perform 
crystal growth in a longitudinal direction from a catalyst element installation field 



to the boundary region at the amorphous silicon film formed on the insulating 
substrate, a catalyst element is in front of the 2nd heating down stream 
processing which raises the crystallinity of the silicon film to perform the process 
which removes the specific silicon film field which is carrying out localization. 
That is, before re-diffusion of the catalyst element by the 2nd heat-treatment is 
performed, while in other words the catalyst element is unevenly distributed, the 
maldistribution field of the catalyst element is removed. The main source of 
supply will be severed, and re-diffusion of the catalyst element which this 
produced in the 2nd heat-treatment can aim at solution of the above-mentioned 
problem, and is obtained by the yield with the expensive highly efficient 
semiconductor device made into the purpose. 

[0046] Namely, in the manufacture approach of the semiconductor device of this 
invention, an amorphous silicon thin film is formed on an insulating substrate at 
the 1st process at least. Introduce into this amorphous silicon film alternatively 
the catalyst element which promotes that crystallization, perform 1st heat- 
treatment at the 2nd process, and the amorphous silicon film to and that 
boundary region from the field where the catalyst element was introduced He is 
trying to raise the crystallinity of the crystalline silicon film field which was made 
to perform crystal growth in a longitudinal direction, removed the silicon film of 
the specific field as for which the catalyst element is carrying out localization at 
the 3rd process, performed 2nd heat-treatment at the 4th process, and was left 
behind at the 3rd process. 

[0047] The boundaries where the boundary and crystal growth of the catalyst 
element installation field where the maldistribution of a catalyst element is seen 
on the growth mechanism and after crystallization annealing, and the crystal 
growth boundary section, i.e., a crystallization field and a non-crystallized field, 
collided are the main fields, and, as for the silicon film of the field as for which the 
catalyst element said here is carrying out localization, it is desirable to remove 
these fields at least. Namely, when an introductory pattern like drawing 5 is made 
to perform crystal growth, three points, the catalyst element installation fields 501 



and 502, the boundary 507 where lateral crystal growth collided, and the 
boundary 508 of the field and amorphous field which were crystallized by lateral 
crystal growth, should just be removed at least. And 2nd heat-treatment is 
performed after that. 

[0048] It is desirable to carry out patterning so that the silicon film field which it 
leaves in the 3rd process of the above especially may turn into a semiconductor 
device field (active region of a semiconductor device). Thus, by removing the 
localization field of a catalyst element, it not only can perform process 
compaction, but all unnecessary fields are removed. For this reason, the diffusing 
capacity of the catalyst element to a semiconductor device field can be reduced 
further. Of course, a semiconductor device field is formed in the location shown 
in a field 510, using only the horizontal growth fields 503 and 504 in drawing 5 R> 
5. 

[0049] Here, catalyst elements also including the formation process of the above- 
mentioned semiconductor device field become important [ the etching nature of 
the target silicon film and catalyst element ] in the process which removes the 
silicon film of the field which is carrying out localization. That is, if it remains 
without etching a catalyst element even if the silicon film is removed, since a 
substrate front face will be re-diffused from there, the effectiveness of this 
invention will be spoiled. In addition, it also becomes the cause which causes an 
open circuit of the damage to a lower layer, the bus line formed on it, the fall of 
the dependability of a semiconductor device, etc. According to the place which 
this invention persons furthermore investigated, it turns out that many catalyst 
elements exist in the silicon film as a silicide compound. Therefore, it is most 
desirable to carry out to this silicon film and coincidence by etching from which 
the silicide compound of the above-mentioned catalyst element and a catalyst 
element is removed as the 3rd process which removes the specific silicon film 
field as for which the above-mentioned catalyst element in this invention is 
carrying out localization. 

[0050] It is desirable for the above-mentioned catalyst element to carry out 



etching removal, using the mixed liquor of a hydrofluoric acid and a nitric acid as 
a concrete method of removing the silicon film of the field which is carrying out 
localization. In addition to the silicon film, at this removal process, a catalyst 
element or its silicide compound also needs to be etched into coincidence as 
mentioned above. In the purpose, etching using the mixed liquor of a hydrofluoric 
acid and a nitric acid is the optimal, with the silicon film, a catalyst element is also 
etched into coincidence and the pure condition that there is no residue in a 
removal field is acquired. 

[0051] In the dry etching by fluorocarbon gas, such as CF4 gas used for etching 
of the silicon film from the former although the dry etching by the plasma is 
effective when micro processing is desired, and oxygen system gas, although the 
silicon film is etched, a silicide compound will not be etched but the silicide 
compound by the catalyst element will remain in a substrate front face as residue. 
If these silicide compounds that remained on the substrate cause re-diffusion at 
the time of the 2nd heat-treatment, the effectiveness of this invention will be 
spoiled. 

[0052] therefore, RIE (reactive ion etching) using [ in / in addition to the silicon 
film, also in dry etching, a catalyst element or its silicide compound has also been 
etched into coincidence by the need, and / the purpose ] chlorine-based gas, 
such as chlorine gas, and BCI3, HCI, - law is very effective. By using such a RIE 
method, the pure condition that there is no residue in a removal field is acquired, 
and micro processing becomes possible. 

[0053] Now, the cause of main of the minute hole seen after the 2nd heat- 
treatment is re-diffusion of the catalyst element at the time of the 2nd heat- 
treatment as mentioned above, however, the result to which this invention 
persons repeated experiment research further - the above-mentioned cause -- in 
addition, it was checked that a catalyst element comes to exist in the longitudinal 
direction growth field (503 of drawing 5 , 504) of the silicon film with which a 
semiconductor device field is prepared, or the amorphous field (505 of drawing 
5 ) to which growth by the catalyst element has not reached also by introductory 



processing of a catalyst element. 

[0054] That is, as a method of introducing the conventional catalyst element, as 
shown in drawing 6 (A), the catalyst element 604 was mainly introduced to the 
whole substrate surface by having used the silicon oxide film 603 as the mask 
film, and 1st heat-treatment for crystallization was performed after that. As for a 
substrate and 602, 601 shows the amorphous silicon film here. However, in such 
a conventional method, as shown in drawing 6 (B), while the introductory field 
605 where a catalyst element touches is crystallized and crystal growth goes to a 
longitudinal direction H4 further in the case of the 1st heat-treatment, the catalyst 
element 604 which exists on the silicon oxide film 603 used as a mask diffused 
the silicon oxide film 603, as the arrow head of H5 showed, and has reached the 
lower layer silicon film 602. 

[0055] Since it is very small, after lateral crystal growth is performed [ be / it / 
under / silicon film / comparing ], the catalyst element 604 arrives at the front face 
of horizontal growth field 602b, and if it is original, as for the diffusion coefficient 
of the catalyst element in the inside of the silicon oxide film, a catalyst element 
will exist in the field to which a catalyst element must not exist. A catalyst 
element comes to exist also in amorphous field 602c which crystal growth has 
not attained to for the same reason. In this case, after the 1st [ for crystallization ] 
heat-treatment, a catalyst element will already exist in amorphous field 602c 
which horizontal growth field 602b and growth have not attained to, and the 
effectiveness of this invention and effectiveness will be spoiled greatly. 
[0056] therefore, in order to pull out the effectiveness of this invention to the 
maximum extent The 1st process which introduces a catalyst element into the 
amorphous silicon film alternatively with mask film, such as silicon oxide film, 
silicon nitride film, and a photoresist Carry out, after covering the amorphous 
silicon film of a part with which a catalyst element is not introduced, after 
installation of a catalyst element, after removing this mask film, perform 1st heat- 
treatment, and the above-mentioned amorphous silicon film to that boundary 
region from the field where the above-mentioned catalyst element was 



introduced It is desirable to make crystal growth perform in a longitudinal 
direction. The catalyst element which exists on a mask is removed before the 1st 
[ for crystallization ] heat-treatment by this process, and a phenomenon which a 
catalyst element diffuses from on a mask is completely lost. Moreover, since the 
overall amount of catalyst elements on the substrate put into a heat treating 
furnace is greatly reduced as secondary effectiveness in the case of the 1st heat- 
treatment, contamination of the heat treating furnace by the catalyst element can 
be reduced. 

[0057] It is desirable to be the sputtering method or vacuum evaporation 
technique, to deposit a catalyst element on the front face of the above-mentioned 
amorphous silicon film in the shape of a thin film, to exfoliate a photoresist mask, 
to carry out by carrying out lift off of the catalyst element on a mask by using a 
photoresist as a mask, as a selection installation process of the catalyst element 
to the concrete amorphous silicon film, and to perform 1st heat-treatment after 
that. Since the catalyst element formed in the shape of a thin film on the 
amorphous silicon film with the sputtering method or vacuum evaporation 
technique is not removed at the exfoliation process of a photoresist, it becomes 
possible [ making selection installation of a catalyst element perfect ] by this 
approach. Moreover, the need of forming mask film, such as silicon oxide film, is 
lost, and it becomes possible to aim at compaction of a process. 
[0058] Moreover, after making a substrate front face apply and dry the solution 
which melted the catalyst element as the other approaches by using the silicon 
oxide film or the silicon nitride film as a mask, performing pre annealing treatment 
before the 1st heat-treatment after that and removing the mask of this silicon 
oxide film or the silicon nitride film, the method of performing 1st heat-treatment 
is also effective. By this approach, since the solution which melted the catalyst 
element is used, ultralow volume control of the amount of catalyst element 
installation on a substrate is attained by controlling the catalyst element 
concentration in a solution. However, the catalyst element applied on the silicon 
film will have association so weak that only rinsing is removed with the silicon film, 



and will be inevitably removed by coincidence by removal of the mask film. So, 
by this approach, after making a substrate front face apply and dry a solution, in 
order to diffuse a catalyst element in the silicon film in an introductory field by 
performing pre annealing treatment, even if it removes the mask film after that, 
the catalyst element of an introductory field is not removed. 
[0059] However, since a certain amount of elevated temperature is required, a 
simple photoresist mask cannot be used for this pre annealing treatment, but the 
mask by the silicon oxide film or the silicon nitride film is needed for it. Moreover, 
in pre annealing treatment, since it is meaningless if a catalyst element diffuses 
the inside of the silicon oxide film or the silicon nitride film and reaches the lower 
layer silicon film, it is necessary to carry out conditioning of the thickness of the 
mask film, or the conditions of pre annealing treatment so that a catalyst element 
may not reach the lower layer silicon film. By this approach, the problem which a 
minute hole generates at the time of the 2nd above-mentioned heat-treatment 
can be solved upwards, and minute amount control of a catalyst element is 
attained. 

[0060] As for the solution which melted the catalyst element in the above- 
mentioned approach here, it is desirable to use alcoholic systems, such as 
ethanol and isopropyl alcohol (IPA), as a solvent, using the acetate or the nitrate 
of a catalyst element as a solute. The crystal growth stabilized on the whole 
substrate surface by using such a solution comes to be obtained. Moreover, the 
outstanding homogeneity within a field is acquired especially in large-sized 
substrates, such as liquid crystal. In addition, what is necessary is just to mix the 
alcohol of the main solvent, after melting acetate first with the water of pole small 
quantity when the acetate of the catalyst element to be used is insoluble to 
alcohol. 

[0061] Furthermore, as for the process which makes a substrate front face apply 
and dry the solution which melted the above-mentioned catalyst element, it is 
desirable to carry out by spin spreading and spin desiccation which used the spin 
coater. According to this approach, a catalyst element can be added to 



homogeneity on a substrate front face. In the experiment of this invention 
persons, as a result of performing spreading and desiccation of a solution by this 
approach on the glass substrate of 320mmx400mm size, it was actually checked 
that the surface concentration of a catalyst element is contained in less than 
about **10% of distribution. 

[0062] Moreover, as pre annealing treatment performed before the 1st heat- 
treatment, the catalyst element of an introductory field does not need to be 
removed in the removal process of the next mask film. Although hydrofluoric acid 
is generally used for removal of the silicon oxide film used as mask film, or the 
silicon nitride film, most catalyst elements will be removed by this etchant. 
[0063] That is, in a catalyst element installation field, it is necessary to fully 
diffuse a catalyst element in the silicon film, and to specifically carry out crystal 
growth of a part of selection installation field [ at least ] of a catalyst element in 
the amorphous silicon film as pre annealing treatment in this invention performed 
before the 1st heat-treatment. Therefore, as for the pre annealing treatment 
performed before the 1st heat-treatment, it is desirable to carry out by whenever 
[ stoving temperature / which fulfills the above-mentioned conditions ], and, 
heating time. Then, by mask removal, a catalyst element is not removed by 
coincidence but sufficient crystal growth comes to be performed by the 1st heat- 
treatment. 

[0064] Now, after the 1st heat-treatment, although this invention is characterized 
by performing 2nd heat-treatment, it needs to be temperature at least with the 
2nd heat-treatment temperature higher than the 1st heat-treatment temperature 
as processing temperature of these heat-treatment. That is, by 1st heat- 
treafment, it aims at crystallization of the amorphous silicon film, and the so- 
called crystalline improvement processing for raising further the crystallinity of the 
silicon film crystallized by the 1st heat-treatment is performed by the 2nd heat- 
treatment. 

[0065] In this purpose, it is necessary to perform 1st heat-treatment at low 
temperature comparatively. Because, since a crystalline nucleus occurs at 



random on the whole substrate surface since the speed of crystallization is too 
quick when 1st heat-treatment is performed at an elevated temperature, and the 
crystal growth direction branches variously, stable crystal growth cannot be 
desired. And in order to improve further in quality the crystalline silicon film 
formed by the 1st heat-treatment as the 2nd heat-treatment, it is necessary to 
give the energy beyond the 1st heat-treatment at least, and, thereby, the crystal 
defect produced at the crystallization process of the 1st heat-treatment can be 
reduced greatly. 

[0066] Temperature of the 1st heat-treatment is performed within the limits of 540 
degrees C - 620 degrees C, and, as for the temperature of the 2nd heat- 
treatment, specifically, it is desirable to carry out within the limits of 800 degrees 
C - 1100 degrees C. If 1st heat-treatment is performed in such a temperature 
requirement, the spontaneous crystal growth by the catalyst element generated 
in addition to the introductory field of a catalyst element can be stopped, and the 
stable crystal growth will be obtained. Moreover, if 2nd heat-treatment is 
performed in the above-mentioned temperature requirement, while being able to 
reduce a crystal defect efficiently, each of the columnar crystal in the crystal 
growth field of the longitudinal direction which forms a semiconductor device field 
is made to recombine, and the high crystallinity silicon film which is equal to very 
quality single crystal silicon is obtained. 

[0067] In addition, as for the pre annealing treatment in the approach of 
performing catalyst element addition by applying the above-mentioned catalyst 
element solution to a substrate front face performed before the 1st heat- 
treatment, it is desirable to carry out to within the limits with a temperature of 500 
degrees C - 550 degrees C for 10 minutes to 30 minutes. By this pre annealing 
treatment, crystal growth of a part of selection installation field [ at least ] of a 
catalyst element can be carried out in the amorphous silicon film. 
[0068] Here, as an ambient atmosphere of the 2nd heat-treatment, it is desirable 
to carry out under the oxidizing atmosphere containing a halogenide. By carrying 
out 2nd heat-treatment in such an ambient atmosphere, the concentration in the 



film of the catalyst element used for crystal growth can be greatly reduced 
according to an impurity gettering operation of a halogenide. Moreover, the 
supersaturation Si atom produced by the oxidation can be supplied into the 
silicon film, and a crystal defect, especially a dangling bond (azygos joint hand) 
can be extinguished more efficiently. 

[0069] Furthermore, it is desirable as an oxidizing atmosphere containing the 
halogenide in this 2nd heat-treatment to use especially HCI gas. A catalyst 
element can be made to be able to chloride-ize, it can be made to evaporate by 
using HCI gas, and it becomes possible to remove a catalyst element from the 
inside of the silicon film efficiently. 

[0070] In this invention, in order to realize high mobility and a highly efficient 
semiconductor device more, it is desirable to consider the crystal growth direction 
of the silicon film by the catalyst element and the migration direction of the carrier 
in a semiconductor device as abbreviation parallel. Thereby, in the grain 
boundary which serves as a trap on the occasion of migration of a carrier, a 
theory top will not exist in the migration direction, and the semiconductor device 
which has high mobility more comes to be obtained. In fact, although the 
deflection of a certain amount of columnar crystal and branching have arisen in a 
lateral crystal growth field, the amounts of traps, such as the grain boundary to 
the migration direction of a carrier, decrease sharply certainly by making it such a 
configuration. 

[0071] As a class of catalyst element which can be used for this invention, nickel, 
Co, Pd, Pt, Cu, Ag, Au, In, Sn, aluminum, and Sb can be used. If it is one kind or 
two or more kinds of elements chosen from these, there is effectiveness of 
crystallization promotion in a minute amount. 

[0072] Also in them, when especially nickel is used, the most remarkable 
effectiveness can be acquired. The following models can be considered about 
this reason. If a catalyst element is independent, it does not act, but it acts on 
crystal growth by combining with the silicon film and silicide-izing. The crystal 
structure at that time is the model of acting like a kind of mold and urging 



crystallization of the amorphous silicon film at the time of crystallization of the 
amorphous silicon film, nickel forms two silicide, Si and NiSi2. NiSi2 shows the 
crystal structure of a fluorite mold, and the crystal structure is very similar with 
the diamond structure of single crystal silicon. And the lattice constant is 
0.5406nm and NiSi2 has a value very near the lattice constant of 0.5430nm in 
the diamond structure of crystal silicon. Therefore, NiSi2 is the highest thing as 
mold for crystallizing the amorphous silicon film, and it is most desirable 
especially as a catalyst element in this invention to use nickel. 
[0073] 

[Embodiment of the Invention] The gestalt of operation of this invention is 
concretely explained based on a drawing below. 

[0074] (Operation gestalt 1) Drawing 1 and drawing 2 express the operation 
gestalt 1 which shows the process which produces the N channel mold TFT (N 
type TFT) by this invention approach. Below, the making process is explained in 
order of advance of the process of (A) -> (F) of drawing 2 . 
[0075] First, as shown in drawing 2 (A), after washing quartz-glass substrate 101 
front face in about 1% of hydrofluoric acid, on a substrate 101 , by the reduced 
pressure CVD method or the plasma-CVD method, 25nm - 100nm in thickness 
and the 50nm intrinsic (I-beam) amorphous silicon film (a-Si film) 102 are formed, 
and the insulating thin films 103, such as silicon oxide film or silicon nitride film, 
are further deposited on it. This insulating thin film 103 turns into mask film at the 
time of next catalyst element installation, used TEOS (Tetra Ethoxy Ortho 
Silicate) as the raw material in this operation gestalt 1 using the silicon oxide film, 
and decomposed and deposited it by RF plasma-CVD method with oxygen. If it is 
desirable that it is 50nm - 250nm as for the thickness of the mask silicon oxide 
film 103 and it is thinner than this, a catalyst element will be spread to a lower 
layer, and if thicker than this, crystal growth cannot be performed good. So, with 
this operation gestalt 1, thickness of this silicon oxide film 103 was set to 150nm. 
[0076] Next, a mask is formed by carrying out patterning of this silicon oxide film 
103. Here, the a-Si film 102 is exposed in the shape of a slit through the through 



hole of a mask 103. Namely, if the condition of drawing 2 (A) is seen from a top 
face, as shown in drawing 1 , it is exposed of the a-Si film 102 in the shape of a 
slit in the field 100 with the through hole, and other parts are in the condition that 
the mask is carried out. 

[0077] After forming the above-mentioned mask 103, as further shown in drawing 
2 (A), a substrate 101 is held so that the ethanol solution which melted nickel 104 
may touch the field 100 which a-Si film 102 front face has exposed. It was made 
for the nickel concentration in an ethanol solution to be set to 10 ppm with this 
operation gestalt 1, using nickel acetate as a solute. Then, minute amount 
addition of the nickel 104 is carried out on the front face of the silicon oxide film 
103 on a substrate 101, and the a-Si film 102 by extending a water solution to 
homogeneity on a substrate 101 by the spinner, and making it dry. It means that 
nickel 104 was alternatively introduced into the a-Si film 102 of a part exposed in 
the field 100 according to this process. And pre annealing treatment for 10 
minutes - processing-time 30 minutes is performed for this under an inert 
atmosphere (for example, nitrogen-gas-atmosphere mind) by within the limits 
with a processing temperature of 500 degrees C - 550 degrees C. This operation 
gestalt 1 performed heat treatment for 20 minutes at 530 degrees C. 
[0078] In this pre annealing treatment, as shown in drawing 2 (B), in a field 100, 
crystallization of the silicon film 102 takes place perpendicularly to a substrate 

101 by using as a nucleus the nickel 104 added by the a-Si film front face, and 
crystalline silicon film 102a is formed. Moreover, crystal growth does not reach, 
but fields other than **** 100 remain as a-Si field 102c, while it has been an 
amorphous state. At this time, on the above-mentioned annealing conditions, the 
nickel 104 on the mask film 103 is obstructed by the mask film 103, and cannot 
reach the lower layer a-Si film 102. 

[0079] Next, etching removal of the silicon oxide film 103 used as a mask is 
carried out. As etchant, wet etching performed using the lower layer silicon film 

102 and 1:10 buffered fluoric acid (BHF) with selectivity of enough. Then, heat- 
treatment (1st heat-treatment) of dozens of hours is again performed from a 



question several 00 at the temperature of 540 degrees C - 620 degrees C under 
an inert atmosphere (for example, nitrogen-gas-atmosphere mind) to a substrate 
101. This operation gestalt 1 performed processing of 11 hours at 580 degrees C 
as an example. 

[0080] In this heat-treatment, from the boundary region of the field 100 (102a) 
crystallized previously, in drawing 2 (C), as an arrow head H1 shows, crystal 
growth is performed in a longitudinal direction (direction parallel to a substrate) 
from a field 100, and crystalline silicon film 102b which carried out crystal growth 
to the longitudinal direction is formed. The other field of 102 remains as 
amorphous silicon film field 102c as it is. The nickel concentration in crystalline 
silicon film 102b which carried out crystal growth to this longitudinal direction was 
about three 8x1016 atoms/cm, and the nickel concentration in crystalline silicon 
film 102a in the field 100 which introduces and carried out crystal growth of the 
direct nickel which can also be said to be that seed field was about three 1x1018 
atoms/cm. 

[0081] In addition, the distance of the crystal growth of a direction parallel to the 
substrate shown by the arrow head H1 on the occasion of the above-mentioned 
crystal growth was about 130 micrometers. If this condition is seen from the 
substrate upper part, nickel 104 is carrying out localization to 102d of boundaries 
of catalyst element installation field 102a (100) in drawing 1 , and crystalline 
silicon film field 102b and amorphous silicon film field 102c which carried out 
crystal growth to the longitudinal direction. 

[0082] Next, as shown in drawing 2 (D), the silicon film 102 of an unnecessary 
part is removed and separation between components is performed. As etching at 
this time, the wet etching using the so-called 1:100 FUTSU nitric acid which 
mixed the hydrofluoric acid and the nitric acid to 1:100 performed. Since nickel 
104 is etched with the silicon film by this etching processing also in the field 
(102a and 102d) to which nickel 104 exists so much, a beautiful substrate front 
face without an etch residue is obtained. That is, a lot of nickel 104 is already 
removed by this etching processing out of a substrate. And at the above process, 

i 



102f of crystalline silicon film of the shape of an island which becomes the source 
field of TFT, a drain field, and a channel field, i.e., an active region, is formed in 
behind, and the condition of drawing 2 (D) is acquired. 
[0083] Next, in the state of drawing 2 (D), 2nd heat-treatment is performed and 
the crystallinity of 102f of crystalline island-like silicon film is raised. As the 2nd 
heat-treatment, heat-treatment of several hours is performed from dozens of 
minutes at the temperature of 800 degrees C - 1 100 degrees C in the oxidizing 
atmosphere containing a halogenide. With this operation gestalt 1 , using the 
mixed gas of HCI and oxygen, the flow rate of HCI was set to 3% of all quantities 
of gas flow, and the substrate temperature of 950 degrees C performed heat- 
treatment for 25 minutes. The front face of 102f of crystalline silicon film oxidizes 
to homogeneity according to this process, and the thickness of 102f of crystalline 
silicon film decreases to about 35nm. Moreover, while the crystallinity of 102f of 
crystalline silicon film improves sharply, the nickel which remained in the film is 
reduced. The nickel concentration in the silicon film after the 2nd heat-treatment 
was actually reduced to three or less 5x1015 atoms/cm. In 102f of crystalline 
silicon film of the shape of an island at this time, the minute hole which had 
become a problem conventionally is not generated at all. 
[0084] Next, after carrying out etching removal of the scaling film of 102f of 
crystalline silicon film by 1:10BHF, as shown in drawing 2 (E), the 100nm silicon 
oxide film is formed as gate dielectric film 106 20nm - 150nm in thickness, and 
here so that 102f of crystalline silicon film used as the above-mentioned active 
region may be covered. TEOS was used as the raw material here, and within the 
limits with a substrate temperature of 150 degrees C - 600 degrees C, preferably, 
within the limits of 300 degrees C - 450 degrees C, it decomposed and deposited 
on formation of this silicon oxide film by RF plasma-CVD method, with oxygen. In 
addition, substrate temperature may be preferably formed within the limits of 350 
degrees C - 600 degrees C with a reduced pressure CVD method or an ordinary 
pressure CVD method with ozone gas by using TEOS as a raw material as within 
the limits of 400 degrees C - 550 degrees C. After membrane formation, in order 



to raise the interface property of the crystalline silicon film and gate dielectric film 
in the own bulk property list of gate dielectric film, annealing treatment within the 
limits for 30 minutes - processing-time 60 minutes was performed under the 
oxidizing gas ambient atmosphere by within the limits with a processing 
temperature of 800 degrees C - 1 000 degrees C. 

[0085] Next, 600nm aluminum is formed within the limits with a thickness of 
400nm - 800nm by the sputtering method. And patterning of the aluminum film is 
carried out and the gate electrode 107 is formed. Furthermore, the front face of 
the electrode of this aluminum is anodized and an oxide layer 108 is formed in a 
front face. This condition is equivalent to drawing 2 (E). Anodization is performed 
in the ethylene glycol solution with which the tartaric acid was contained 1% to 
5%, raises an electrical potential difference with a fixed current to 220V at first, 
and it is held for 1 hour and it is made to end it in the condition. The thickness of 
the obtained oxide layer 108 is 200nm. In addition, in a next ion doping process, 
since this oxide layer 108 serves as thickness which forms an offset gate field, it 
can determine the die length of an offset gate field at the above-mentioned 
anodic oxidation process. 

[0086] Next, an impurity (Lynn) is poured into an active region by the ion doping 
method by using the oxide layer 108 of the gate electrode 107 and its perimeter 
as a mask. 80kV and a dose are set to 2x1015cm-2 for acceleration voltage 
within the limits of 1x1015cm-2-8x1015cm-2 within the limits of 60kV - 90kV, 
using phosphoretted hydrogen (PH3) as doping gas. According to this process, 
the fields 110 and 111 where the impurity was poured in turn into a source field 
of TFT, and a drain field behind, respectively, and the field 109 where a mask is 
carried out to the gate electrode 107 and the oxidizing zone 108 of that perimeter, 
and an impurity is not poured in turns into a channel field of TFT behind. When 
this condition is seen from the substrate upper part, as shown in drawing 1 , the 
migration direction of the carrier in TFT is the **** direction of source **** 110 and 
drain **** 111, and is a longitudinal direction in the drawing 1 space. On the other 
hand, the crystal growth direction of the silicon film which constitutes the channel 



section 109 is the direction of H1, and it is arranged so that it may become 
almost parallel to the migration direction of a carrier, thus, the thing to arrange - 
especially - high - mobility TFT is realizable. 

[0087] Next, the crystallinity of the part into which crystallinity deteriorated at the 
above-mentioned impurity installation process is made to improve at the same 
time it activates the impurity which performed annealing treatment and carried 
out the ion implantation by the exposure of the laser light L1 , as shown in 
drawing 2 (E). Under the present circumstances, it irradiated preferably within the 
limits of 200 mJ/cm2 - 250 mJ/cm2 within the limits of energy density 1 50 
mJ/cm2 - 400 mJ/cm2, using a XeCI excimer laser (wavelength of 308nm, 40ns 
of pulse width) as laser to be used. In this way, the sheet resistance of the 
formed N type impurity (Lynn) fields 110 and 1 1 1 was within the limits of 
200ohm/** - 800ohms / **. 

[0088] Next, the silicon oxide film or the silicon nitride film with a thickness of 
about 600nm is formed as an interlayer insulation film 113. If it forms by using 
TEOS as a raw material with the plasma-CVD method of this and oxygen, a 
reduced pressure CVD method with ozone, or an ordinary pressure CVD method 
in using the silicon oxide film, the good interlayer insulation film excellent in step 
coverage nature will be obtained. Moreover, if the silicon nitride film formed by 
the plasma-CVD method by making SiH4 and NH3 into material gas is used, a 
hydrogen atom is supplied to the interface of an active region and gate dielectric 
film, and it is effective in reducing the azygos joint hand of degrading a TFT 
property. 

[0089] Next, a contact hole is formed in an interlayer insulation film 113, and the 
electrode and the wiring 1 14 and 1 15 of TFT are formed with a metallic material, 
for example, the bilayer film of titanium nitride and aluminum. The titanium nitride 
film is prepared as barrier film to prevent that aluminum is spread in a semi- 
conductor layer. And finally, 350 degrees C and annealing treatment for 30 
minutes are performed in the hydrogen ambient atmosphere of one atmospheric 
pressure, and TFT117 shown in drawing 2 (F) is completed. This annealing 



treatment is performed in order to extinguish the crystal defect, especially azygos 
joint hand in the silicon film which remained to the last by terminating from 
hydrogen. 

[0090] In using this TFT1 17 as a component which switches a pixel electrode, it 
connects an electrode 1 14 or 1 15 to the pixel electrode which consists of 
transparence electric conduction film, such as ITO, and a signal is inputted from 
another electrode. Moreover, what is necessary is just to give wiring which forms 
and needs a contact hole also on the gate electrode 107, in using this TFT117 for 
a thin film integrated circuit. Moreover, what is necessary is just to prepare the 
protective coat which consists of silicon nitride film on TFT1 17 if needed. 
[0091] As for N type TFT1 17 produced according to the above operation gestalt 1 , 
electric field effect mobility showed [ 150cm2/Vs - 250cm2/Vs, and threshold 
voltage ] 1V-1.5V, and a very highly efficient electrical property. Moreover, there 
is no minute hole in the active region generated conventionally, in the active- 
matrix substrate for liquid crystal displays which drives the pixel TFT of a number 
called especially hundreds of thousands, the pixel defect by the above- 
mentioned cause can be solved, and the liquid crystal display of high display 
grace is obtained very much with a high definition. Moreover, there is almost no 
damage to the substrate 101 under the introductory field 100 by nickel, the poor 
open circuit of a bus line was reduced as the result, and the manufacture yield 
improved. Moreover, also in the TFT property, the leakage current in the TFT off 
field in which especially a catalyst element poses a problem has been reduced 
even to 2pA extent which does not pose a problem compared with the 
conventional 10pA-15pA. 

[0092] In addition, this TFT can be used on the same substrate also as a 
component which constitutes CPU as well as the driver line and pixel part of a 
liquid crystal display of a active-matrix mold. Moreover, it cannot be 
overemphasized that it can use not only for a liquid crystal display but for the thin 
film integrated circuit generally said as this application range of TFT. 
[0093] (Operation gestalt 2) Drawing 3 and drawing 4 express the operation 



gestalt 2 which shows the process which produces the circuit of the CMOS 
structure which constituted N type TFT and P type TFT in the complementary 
type by this invention approach on a quartz-glass substrate. Below, the making 
process is explained in order of advance of the process of (A) -> (E) of drawing 4 . 
[0094] First, as shown in drawing 4 (A), after washing quartz-glass substrate 201 
front face in about 1% of hydrofluoric acid, the 50nm intrinsic (I-beam) 
amorphous silicon film (a-Si film) 202 is formed within the limits with a thickness 
of 25nm - 100nm by the reduced pressure CVD method or the plasma-CVD 
method on a substrate 201 . 

[0095] Next, a photopolymer (photoresist) is applied on the a-Si film 202, 
negatives are exposed and developed, and it considers as a mask 203. In a field 
200, the a-Si film 202 is exposed in the shape of a slit by the through hole of the 
photoresist mask 203. Namely, if the condition of drawing 4 (A) is seen from a 
top face, as shown in drawing 3 , it is exposed of the a-Si film 202 in the field 200, 
and other parts are in the condition that the mask is carried out by the photoresist. 
[0096] After forming the above-mentioned mask 203, as shown in drawing 4 (A), 
the thin film vacuum evaporationo of the nickel 204 is carried out on substrate 
201 front face. With this operation gestalt 2, distance between the vacuum 
evaporationo source and a substrate was made larger than usual, and it 
controlled by reducing a vacuum evaporationo rate so that the thickness of the 
thin film 204 of nickel was set to 1nm or less. When the surface density of the 
nickel 204 on the substrate 201 at this time was actually measured, it was about 
two 2x1013 atoms/cm. 

[0097] Next, it means that lift off of the nickel thin film 204 on a mask 203 is 
carried out, and minute amount installation of nickel 204 was alternatively 
performed in the a-Si film 202 of a field 200 by removing the photoresist mask 
203 as shown in drawing 4 (B). And under an inert atmosphere, for example, 
nitrogen-gas-atmosphere mind, whenever [ stoving temperature ], within the 
limits of 540 degrees C - 620 degrees C, annealing treatment of this is carried 
out for 1 1 hours, and it is crystallized at 580 degrees C. 



[0098] Under the present circumstances, in a field 200, crystallization of the 
silicon film 202 takes place perpendicularly to a substrate 201 by using as a 
nucleus the nickel 204 added by a-Si film 202 front face, and crystalline silicon 
film 202a is formed. 

[0099] Next, in the boundary region of a field 200, in drawing 4 (B), as an arrow 
head H2 shows, from a field 200, crystal growth is performed in a longitudinal 
direction (direction parallel to a substrate), and crystalline silicon film 202b which 
carried out longitudinal direction crystal growth is formed in it. The other field of 
202 remains as amorphous silicon film field 202c as it is. The nickel 
concentration in crystalline silicon film 202b which carried out crystal growth to 
this longitudinal direction was about three 1x1017 atoms/cm, and the nickel 
concentration in crystalline silicon film 202a of the field 200 which adds and 
carried out crystal growth of the direct nickel was about three 2x1018 atoms/cm. 
[0100] In addition, the distance of the crystal growth of a direction parallel to the 
substrate shown by the arrow head H2 on the occasion of the above-mentioned 
crystal growth is about 130 micrometers. If this condition is seen from the 
substrate upper part, localization of the nickel 204 is carried out to 202d of 
boundaries of catalyst element installation field 202a (200) in drawing 3 , and 
crystalline silicon film field 202b and amorphous silicon film field 202c which 
carried out crystal growth to the longitudinal direction. 
[0101] Next, as shown in drawing 4 (C), behind, it leaves the crystalline silicon 
film used as the active regions (semiconductor device field) 202n and 202P of 
TFT, etching removal of the other field is carried out, and separation between 
components is performed. It carried out by the RIE method by RF plasma using 
the mixed gas of BCI3 and CI2 as etching at this time. As etching conditions, 
15sccm(s) and CI2 flow rate were set to 70sccm(s) for BCI3 flow rate, and it 
carried out by applying RF power of 1300W under reduced pressure of pressure 
8mTorr extent. 

[0102] By this etching processing, since nickel 204 is etched with the silicon film 
also in the field (202a and 202d) to which nickel 204 exists so much, while a 



beautiful substrate front face without an etch residue is obtained, further micro 
processing can be performed compared with the case where wet etching is used. 
At the above process, the crystalline silicon film 202n and 202p of the shape of 
an island which becomes the source field of TFT, a drain field, and a channel 
field, i.e., an active region, is formed in behind, and the condition of drawing 4 (C) 
is acquired. 

[0103] Next, in the state of drawing 4 (C), 2nd heat-treatment is performed and 
the crystallinity of the crystalline island-like silicon film 202n and 202P is raised. 
As the 2nd heat-treatment, heat-treatment of several hours is performed from 
dozens of minutes in the oxidizing atmosphere containing a halogenide by within 
the limits with a temperature of 800 degrees C - 1 100 degrees C. With this 
operation gestalt 2, using the mixed gas of HCI and oxygen, the flow rate of HCI 
was set to 3% of all quantities of gas flow, and the substrate temperature of 950 
degrees C performed heat-treatment for 25 minutes. 

[0104] The front face of the silicon film 202n and 202p oxidizes to homogeneity 
according to this process, and the thickness of the crystalline silicon film 202n 
and 202p decreases to about 35nm. Moreover, while the crystallinity of the 
crystalline silicon film 202n and 202p improves sharply, the nickel which 
remained in the film is reduced. The nickel concentration in the silicon film after 
the 2nd heat-treatment was actually reduced to three or less 5x1015 atoms/cm. 
In the crystalline silicon film 202n and 202p of the shape of an island at this time, 
the minute hole which had become a problem conventionally is not generated at 
all. 

[0105] Next, after carrying out etching removal of the scaling film of the 
crystalline island-like silicon film 202n and 202p by 1:10BHF, the silicon oxide 
film with a thickness of 100nm is formed as gate dielectric film 206 so that the 
crystalline silicon film 202n and 202p used as the above-mentioned active region 
may be covered. With this operation gestalt 2, TEOS was used as the raw 
material as the membrane formation approach of gate dielectric film 206, and in 
the substrate temperature of 350 degrees C, it decomposed by RF plasma-CVD 



method, and deposited with oxygen. 

[0106] Next, as shown in drawing 4 (D), by the sputtering method, 500nm 
aluminum (0.1% - 2% of silicon is included) is formed within the limits with a 
thickness of 400nm - 800nm, patterning of the aluminum film is carried out, and 
the gate electrodes 207n and 207p are formed. 

[0107] Next, an impurity (Lynn and boron) is poured into active regions 202n and 
202p by using the gate electrodes 207n and 207p as a mask by the ion doping 
method. Using phosphoretted hydrogen (PH3) and diboron hexahydride (B-2 H6) 
as doping gas, in the case of the former, within the limits of 60kV - 90kV, for 
example, the case of 80kV and the latter, sets acceleration voltage to 65kV within 
the limits of 40kV - 80kV, and a dose sets within the limits of 1x1015cm-2- 
8x1015cm-2, for example, Lynn, to 2x1015cm-2, and it sets boron to 5x1 01 5cm- 
2. 

[0108] The field where a mask is carried out to the gate electrodes 207n and 
207p by this process, and an impurity is not poured in according to it turns into 
the channel fields 209n and 209p of TFT behind. On the occasion of doping, 
when doping covers an unnecessary field by the photoresist, each element is 
doped alternatively. Consequently, the impurity ranges 21 On and 21 1n of N type 
and the impurity ranges 21 Op and 21 1p of P type are formed, and as shown in 
drawing 3 , N type TFT217 and P type TFT218 can be formed. 
[0109] Next, as shown in drawing 4 (D), by the exposure of the laser light L2, 
annealing is performed and the impurity which carried out the ion implantation is 
activated. As exposure conditions for laser light, ten shots per place irradiated by 
energy density 250 mJ/cm2, using a XeCI excimer laser (wavelength of 308nm, 
40ns of pulse width) as a laser light. 

[01 10] Next, as shown in drawing 4 (E), it forms by the plasma-CVD method by 
using the silicon oxide film with a thickness of 600nm as an interlayer insulation 
film 213, a contact hole is formed in this, and the electrode and the wiring 214, 
215, and 216 of TFT are formed with a metallic material, for example, the bilayer 
film of titanium nitride and aluminum. And finally, 350 degrees C and annealing 



treatment of 1 hour are performed under the hydrogen ambient atmosphere of 
one atmospheric pressure, and the CMOS circuit by N type TFT217 and P type 
TFT218 is completed. 

[0111] In the CMOS structure circuit produced according to the above operation 
gestalt 2, each electric field effect mobility of TFT is [ in N type TFT ] as high as 
150cm2/Vs - 200cm2/Vs at 200cm2/Vs - 300cm2/Vs, and P type TFT, and 
threshold voltage shows -2V--3V and a very good property with 0.5V-1 V, and P 
type TFT with N type TFT. Furthermore, it compares with 5pA(s) with N type TFT, 
and the leakage current in a TFT OFF field is also compared with 3pA extent and 
a conventional method with P type TFT, and is suppressed by the low value. 
Moreover, there is no generating of the minute hole in the active region which 
poses a problem, and its manufacture yield improved greatly. Furthermore, since 
TFT size was set up by etching by the RIE method smaller than a conventional 
method, high integration became possible. 

[01 12] (Other operation gestalten) This invention is not limited to two above- 
mentioned operation gestalten, and various kinds of deformation based on the 
technical thought of this invention is possible for it. 

[01 13] For example, in the two above-mentioned operation gestalten, by the 
approach of applying the ethanol solution which was able to melt nickel salt for 
the amorphous silicon film front face as an approach of introducing nickel, or the 
approach of forming a nickel thin film with vacuum deposition, nickel minute 
amount addition was performed alternatively and the ****** approach was 
adopted for crystal growth. However, it is good also as an approach of 
introducing nickel into a substrate film front face alternatively, diffusing nickel 
from the lower layer of the amorphous silicon film, and making crystal growth 
performing before membrane formation of the amorphous silicon film. That is, 
crystal growth may be performed from the top-face side of the amorphous silicon 
film, and may be performed from an inferior-surface-of-tongue side. 
[01 14] Moreover, technique various in addition to this also as the introductory 
approach of nickel can be used. For example, there is also an approach which 



may use water simply and is diffused from Si02 film by using an SOG (spin-on 
glass) ingredient as a solvent as a solvent which can melt nickel salt. Moreover, 
the approach of carrying out thin film formation with the sputtering method or 
plating, the approach of introducing directly by the ion doping method, etc. can 
be used. 

[0115] Furthermore, as an impurity metallic element which promotes 
crystallization, even if it uses cobalt, palladium, platinum, copper, silver, gold, an 
indium, tin, aluminum, or antimony in addition to nickel, the same effectiveness is 
acquired. 

[01 16] Moreover, although 2nd heat-treatment was performed in the HCI ambient 
atmosphere, from a viewpoint on a crystal disposition, a dry oxygen ambient 
atmosphere and nitrogen-gas-atmosphere mind are also effective. Moreover, if 
the process into which a catalyst element etches the silicon film of the field 
included so much is the approach which it is effective, of course and nickel 
silicide can etch into coincidence especially with the silicon film also by 
approaches other than the two above-mentioned operation gestalten, it is 
satisfactory. 

[0117] Furthermore, driver built-in the component write-in [ optical ] and display 
device which used the contact type image sensor, the driver built-in thermal head, 
the organic system EL, etc. as the light emitting device as application of this 
invention in addition to the active-matrix mold substrate for liquid crystal displays, 
a three-dimensional IC, etc. can be considered. By using this invention, high 
performance-ization of improvement in the speed of these components, high- 
resolution-izing, etc. is realized. Furthermore, this invention can apply broadly as 
the start the bipolar transistor and static induction transistor which made 
component material not only a MOS transistor but the crystalline semi-conductor 
explained with the above-mentioned operation gestalt to a semi-conductor 
process at large. 

[0118] In addition, in the two above-mentioned operation gestalten, although 
quartz glass was used as an insulating substrate, this invention is not limited to 



this, and as long as the whole substrate or whole substrate which has an 
insulating front face is an insulating thing, it may use anything. 
[0119] 

[Effect of the Invention] According to the above this invention, on the amorphous 
silicon film formed on the insulating substrate After carrying out selection 
installation of the catalyst element and making the 1st heat-treatment perform 
crystal growth in a longitudinal direction from a catalyst element installation field 
to the boundary region, Since the process which removes the specific silicon film 
field as for which the catalyst element is carrying out localization before the 2nd 
heating down stream processing which raises the crystallinity of a crystalline 
silicon film field is performed, re-diffusion of the catalyst element conventionally 
produced in the 2nd heat-treatment can be prevented. 
[0120] For this reason, the problem that a minute hole occurs in the crystalline 
silicon film mentioned above etc. can be solved, and a very highly efficient thin 
film semiconductor component can be realized. And a high performance 
semiconductor device with a high degree of integration can be obtained in a 
simple manufacture process. 

[0121] Moreover, in the production process, the rate of an excellent article can be 
improved greatly, and low cost-ization of goods can be attained. In the liquid 
crystal display which has a TFT component called especially hundreds of 
thousands, while being able to improve the rate of an excellent article by leaps 
and bounds, it can be satisfied with coincidence of improvement in the switching 
characteristic of pixel SUITCHINGU TFT required of a active-matrix substrate, 
high-performance-izing required of TFT which constitutes the circumference drive 
circuit section in a list, and high integration. 

[0122] Therefore, on the same substrate, the driver monolithic mold active-matrix 
substrate which constitutes the active-matrix section and the circumference drive 
circuit section can be realized, and modular miniaturization, high-performance- 
izing, and low cost-ization can be attained. 

[0123] Since the silicon film field which it leaves in the 3rd process is especially 



made into the field where the catalyst element was introduced at the 1st process, 
and the crystal growth boundary section formed of crystal growth at the 2nd 
process at least according to the manufacture approach of a semiconductor 
device according to claim 2, the main maldistribution field of a catalyst element 
can be removed and re-diffusion of the catalyst element produced in the 2nd 
heat-treatment can be prevented. 

[0124] Moreover, since all unnecessary fields are [ according to the manufacture 
approach of a semiconductor device according to claim 3 ] also especially 
removable in addition to the ability to perform process compaction since the 
silicon film field which it leaves in the 3rd process is made into a semiconductor 
device field, the diffusing capacity of the catalyst element to a semiconductor 
device field can be reduced further. 

[0125] Moreover, the problem that a catalyst element remains and it is especially 
re-spread when the silicon film is removed since the silicide compound of the 
catalyst element contained in the silicon film part which performs said 3rd 
process by etching and corresponds by this etching, and its part, and a catalyst 
element is removed collectively according to the manufacture approach of a 
semiconductor device according to claim 4 is solvable. 
[0126] If this etching is especially performed using the mixed liquor of a 
hydrofluoric acid and a nitric acid, with the silicon film, a catalyst element can 
also be etched into coincidence and the clean-surface condition which does not 
have residue in a removal field can be acquired. Moreover, if dry etching is 
performed by the RIE [ etching / this ] method using chlorine gas or chlorine- 
based gas, it is effective, when the clean-surface condition which does not have 
residue in a removal field can be acquired and micro processing is carried out. 
[0127] Moreover, since it carries out especially by forming a mask in the location 
corresponding to the field which does not introduce a catalyst element [ in / for 
the process which introduces the catalyst element in the 1st process alternatively 
/ the amorphous silicon film ] according to the manufacture approach of a 
semiconductor device according to claim 5 The catalyst element which exists on 



a mask can be removed before the 1st [ for crystallization ] heat-treatment, and 
generating of a phenomenon which a catalyst element diffuses from on a mask 
can be prevented. Moreover, since the overall amount of catalyst elements on 
the substrate put into a heat treating furnace can be greatly reduced in the case 
of the 1st heat-treatment, contamination of the heat treating furnace by the 
catalyst element can be reduced. 

[0128] Moreover, since it carries out especially by using a photoresist as a mask 
for the process which introduces the catalyst element in the 1st process 
alternatively, exfoliating this photoresist after depositing a catalyst element on the 
front face of the amorphous silicon film in the shape of a thin film with the 
sputtering method or a vacuum deposition method, and carrying out lift off of the 
catalyst element on a mask according to the manufacture approach of a 
semiconductor device according to claim 6, selection installation of a catalyst 
element can be made perfect. Moreover, the need of forming mask film, such as 
silicon oxide film, can be lost, and compaction of a process can also be aimed at. 
[0129] Moreover, according to the manufacture approach of a semiconductor 
device according to claim 7, the silicon oxide film or the silicon nitride film is 
especially used as a mask'for the process which introduces the catalyst element 
in the 1st process alternatively. Since it carries out by carrying out pre annealing 
treatment and removing the mask of the silicon oxide film or the silicon nitride film 
after making the front face of the amorphous silicon film apply and dry the 
solution which melted the catalyst element By controlling the catalyst element 
concentration in the solution which melted the catalyst element, ultralow volume 
control of the amount of catalyst element installation on a substrate can be 
carried out. Moreover, the problem that a catalyst element is removed by 
coincidence by mask removal is solvable. 

[0130] If an alcoholic system is especially used as a solvent of a solution, using 
the acetate or the nitrate of a catalyst element as a solute of this solution, the 
crystal growth stabilized on the whole substrate surface is obtained, and the 
outstanding homogeneity within a field can be acquired in large-sized substrates, 



such as liquid crystal. Moreover, if the process which applies this solution to the 
front face of the amorphous silicon film, and is dried is performed by spin 
spreading and spin desiccation using a spin coater, a catalyst element can be 
added to homogeneity on a substrate front face. 

[0131] Moreover, a part of field [ at least ] where the catalyst element was 
alternatively introduced in the amorphous silicon film in this pre annealing 
treatment If it carries out within the limits of 10 minutes - processing-time 30 
minutes, since it can limit to a desired field and a catalyst element can be added 
in within the limits with a heating condition [ of fulfilling the conditions to which 
crystal growth is carried out ] of 500 degrees C - 550 degrees C, for example, 
processing temperature The selection installation field of the catalyst element in 
the amorphous silicon film can be limited further, and can carry out crystal growth. 
[0132] Moreover, since temperature of the 2nd heat-treatment is especially made 
higher than the temperature of the 1st heat-treatment according to the 
manufacture approach of a semiconductor device according to claim 8 In the 1st 
heat-treatment, the crystalline silicon film can be formed with the stable crystal 
growth, by 2nd heat-treatment, the crystal defect produced at the crystallization 
process of the 1st heat-treatment can be reduced greatly, and the crystalline 
silicon film formed by the 1st heat-treatment can be improved further in quality. 
[0133] If temperature of this 1st heat-treatment is made into within the limits of 
540 degrees C - 620 degrees C and temperature of the 2nd heat-treatment is 
especially made into within the limits of 800 degrees C - 1 100 degrees C, in the 
1st heat-treatment, the spontaneous crystal growth by the catalyst element 
generated in addition to the introductory field of a catalyst element can be 
stopped, and the stable crystal growth will be obtained. Moreover, in the 2nd 
heat-treatment, while being able to reduce a crystal defect efficiently, each of the 
columnar crystal in the crystal growth field of the longitudinal direction which 
forms a semiconductor device field can be made to be able to recombine, and 
the high crystallinity silicon film which is equal to very quality single crystal silicon 
can be obtained. 



[0134] Moreover, since 2nd heat-treatment is especially performed under the 
oxidizing atmosphere containing a halogenide according to the manufacture 
approach of a semiconductor device according to claim 9, the concentration in 
the film of the catalyst element used for crystal growth can be greatly reduced 
according to an impurity gettering operation of a halogenide. Moreover, the 
supersaturation Si atom produced by the oxidation can be supplied into the 
silicon film, and a crystal defect, especially a dangling bond (azygos joint hand) 
can be extinguished more efficiently. If HCI gas is especially used as a 
halogenide, a catalyst element can be made to be able to chloride-ize, it can be 
made to be able to evaporate, and a catalyst element can be efficiently removed 
from the inside of the silicon film. 

[0135] Moreover, according to the manufacture approach of a semiconductor 
device according to claim 10, it sets at the 2nd process especially. Since the 
direction which carries out crystal growth of the amorphous silicon film to the 
boundary region from the field where the catalyst element was introduced, and 
the migration direction of the carrier in a semiconductor device are considered as 
abbreviation parallel A theory top will not exist in the migration direction, and the 
grain boundary which serves as a trap on the occasion of migration of a carrier 
can obtain the semiconductor device which has high mobility more. 
[0136] Moreover, especially, since one kind or two or more kinds of elements in 
nickel, Co, Pd, Pt, Cu, Ag, Au, In, Sn, aluminum, and Sb are used as a catalyst 
element according to the manufacture approach of a semiconductor device 
according to claim 1 1 , the effectiveness of crystallization promotion is done so in 
a minute amount. 

[0137] Especially, as this catalyst element, if nickel is used at least, nickel will 
combine with the silicon film, will serve as silicide NiSi2, and will act on crystal 
growth, but in order that that crystal structure may act like a kind of mold at the 
time of crystallization of the amorphous silicon film, much more effectiveness of 
urging crystallization of the amorphous silicon film is done so. 
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[Brief Description of the Drawings] 

[Drawing 1] It is the top view showing the making process of the operation gestalt 

1 of this invention. 

[Drawing 2] It is a sectional view in the A-A' cross section of drawing 1 which 

shows the making process of the operation gestalt 1 of this invention. 

[Drawing 3] It is the top view showing the making process of the operation gestalt 

2 of this invention. 

[Drawing 4] It is a sectional view in the B-B' cross section of drawing 3 which 
shows the making process of the operation gestalt 2 of this invention. 
[Drawing 5] In the conventional example, it is drawing showing signs that a 
minute hole occurs on the silicon film by re-diffusion of the catalyst element in the 
2nd heat-treatment, and the top view after the 2nd heat-treatment is shown for 
the top view after the solid phase crystal growth by selection addition of a 
catalyst element in (A) at (B). 

[Drawing 6] In the conventional example, it is drawing showing the situation of 
diffusion of the catalyst element in the 1st heat-treatment. 
[Drawing 7] In the conventional example, it is a photograph showing the condition 
that the minute hole occurred on the silicon film front face by re-diffusion of the 



catalyst element in the 2nd heat-treatment. 
[Description of Notations] 

101 201 Quartz-glass substrate 

102 202 Silicon film 

103 203 Mask film 

104 204 Catalyst element 

106 206 Gate dielectric film 

107 207 Gate electrode 

108 Anodic Oxidation Layer 

109 209 Channel field 

110 210 Source field 

111 211 Drain field 

113 213 Interlayer insulation film 

114, 115, 214, 215, 216 An electrode and wiring 

1 1 7 21 7 N channel mold TFT 

218 P Channel Mold TFT 
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